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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Applica-
tion No. 17/074,792, filed October 20, 2020, and is as-
signed to the assignee hereof.

BACKGROUND

Field of the Disclosure

[0002] Aspects of the present disclosure relate to wire-
less communications, and more particularly, to techni-
ques for cyclic shift selection for physical sidelink control
channel transmission.

Description of Related Art

[0003] Wireless communication systems are widely
deployed to provide various telecommunication services
such as telephony, video, data, messaging, broadcasts,
etc. Thesewireless communication systemsmayemploy
multiple-access technologies capable of supporting
communication with multiple users by sharing available
system resources (e.g., bandwidth, transmit power, etc.).
Examples of such multiple-access systems include 3rd
Generation Partnership Project (3GPP) Long Term Evo-
lution (LTE) systems, LTE Advanced (LTE-A) systems,
code division multiple access (CDMA) systems, time
division multiple access (TDMA) systems, frequency
division multiple access (FDMA) systems, orthogonal
frequency division multiple access (OFDMA) systems,
single-carrier frequency division multiple access (SC-
FDMA) systems, and time division synchronous code
division multiple access (TD-SCDMA) systems, to name
a few.
[0004] These multiple access technologies have been
adopted in various telecommunication standards to pro-
vide a common protocol that enables different wireless
devices to communicate on a municipal, national, regio-
nal, and even global level. New radio (e.g., 5G NR) is an
example of an emerging telecommunication standard.
NR is a set of enhancements to the LTEmobile standard
promulgated by 3GPP. NR is designed to better support
mobile broadband Internet access by improving spectral
efficiency, lowering costs, improving services, making
use of new spectrum, and better P+S Ref. No.:
QUAL/201679PC integrating with other open standards
using OFDMA with a cyclic prefix (CP) on the downlink
(DL) and on the uplink (UL). To these ends, NR supports
beamforming, multiple-input multiple-output (MIMO) an-
tenna technology, and carrier aggregation.
[0005] However, as the demand for mobile broadband
access continues to increase, there exists a need for
further improvements in NR and LTE technology. Pre-
ferably, these improvements should be applicable to
othermulti-access technologies and the telecommunica-

tion standards that employ these technologies.

SUMMARY

[0006] The systems, methods, and devices of the dis-
closure each have several aspects, no single one of
which is solely responsible for its desirable attributes.
Without limiting the scope of this disclosure as expressed
by the claims which follow, some features will now be
discussed briefly. After considering this discussion, and
particularly after reading the section entitled "Detailed
Description" one will understand how the features of this
disclosure provide advantages that include improved
cyclic shift selection for physical sidelink control channel
(PSCCH) retransmission.
[0007] Certain aspects of the subject matter described
in this disclosure can be implemented in a method for
wireless communication by a first user equipment (UE).
The method generally includes monitoring one or more
sidelink control information (SCI) transmissions fromone
or more second UEs. The method generally includes
determining, based on the one or more SCI, whether
one or more collisions occur between one or more re-
transmissions of the one or more SCI transmissions by
the one or more second UEs and a scheduled SCI
transmission by the first UE. The method generally in-
cludes selectinga cyclic shift to use for the scheduledSCI
transmission by the first UE based at least on the deter-
mination.
[0008] Certain aspects of the subject matter described
in this disclosure can be implemented in an apparatus for
wireless communication. The apparatus generally in-
cludes at least one processor and a memory coupled
to the at least one processor. The memory generally
includes code executable by the at least one processor
to cause the apparatus to monitor one or more SCI
transmissions from one or more UEs. The memory gen-
erally includes code executable by the at least one pro-
cessor to cause theapparatus todetermine, basedon the
one or more SCI, whether one or more collisions occur
between one or more retransmissions of the one ormore
SCI transmissions by the one or more UEs and a sched-
uled SCI transmission by the apparatus. The memory
generally includes code executable by the at least one
processor to cause theapparatus to select a cyclic shift to
use for the scheduled SCI transmission by the apparatus
based at least on the determination.
[0009] Certain aspects of the subject matter described
in this disclosure can be implemented in an apparatus for
wireless communication. The apparatus generally in-
cludes means for monitoring one or more SCI transmis-
sions from one or more UEs. The apparatus generally
includes means for determining, based on the one or
more SCI, whether one ormore collisions occur between
one or more retransmissions of the one or more SCI
transmissions by the one or more UEs and a scheduled
SCI transmission by the apparatus. The apparatus gen-
erally includesmeans for selecting a cyclic shift to use for
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the scheduled SCI transmission by the apparatus based
at least on the determination.
[0010] Certain aspects of the subject matter described
in this disclosure can be implemented in a computer
readable medium storing computer executable code
thereon for wireless communication by a first UE. The
computer readable medium generally includes code for
monitoring one or more SCI transmissions from one or
more second UEs. The computer readable medium gen-
erally includes code for determining, based on the one or
more SCI, whether one ormore collisions occur between
one or more retransmissions of the one or more SCI
transmissions by the one or more second UEs and a
scheduled SCI transmission by the first UE. The compu-
ter readable medium generally includes code for select-
ing a cyclic shift to use for the scheduled SCI transmis-
sion by the first UE based at least on the determination.
[0011] To the accomplishment of the foregoing and
related ends, the one or more aspects comprise the
features hereinafter fully described and particularly
pointed out in the claims. The following description and
the appended drawings set forth in detail certain illus-
trative features of the one or more aspects. These fea-
tures are indicative, however, of but a few of the various
ways in which the principles of various aspects may be
employed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] So that the manner in which the above-recited
features of the present disclosure can be understood in
detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of
which are illustrated in the drawings. It is to be noted,
however, that the appended drawings illustrate only cer-
tain typical aspects of this disclosure and are therefore
not to be considered limiting of its scope, for the descrip-
tion may admit to other equally effective aspects.

FIG. 1 is a block diagram conceptually illustrating an
example telecommunications system, in accor-
dancewith certain aspects of the present disclosure.

FIG. 2 is a block diagram conceptually illustrating a
design of an example a base station (BS) and user
equipment (UE), in accordance with certain aspects
of the present disclosure.

FIG.3 isanexample frame format fornew radio (NR),
in accordance with certain aspects of the present
disclosure.

FIG. 4 illustrates an example vehicle-to-everything
(V2X) communication system, in accordance with
certain aspects of the present disclosure.

FIG. 5 illustrates another example V2X communica-
tion system, in accordance with certain aspects of

the present disclosure.

FIG. 6Aand6B showexample hiddenUEscenarios,
in accordance with certain aspects of the present
disclosure.

FIG. 7A illustrates example resources when assign-
ing resource blocks in cellular V2X (C-V2X) direct
communicationswith packet collision, in accordance
with certain aspects of the present disclosure.

FIG. 7B illustrates example resources when assign-
ing resource blocks in C-V2X direct communications
with packet overlap, in accordance with certain as-
pects of the present disclosure.

FIG. 8 is a table of parameters used for sidelink
transmissions inC-V2Xsystems, in accordancewith
certain aspects of the present disclosure.

FIG. 9 illustrates example sidelink control informa-
tion (SCI) transmission and retransmission, in ac-
cordance with certain aspects of the present disclo-
sure.

FIG. 10 is a call flow diagram illustrating example
signaling for cyclic shift selection for physical sidelink
control channel (PSCCH) retransmission, in accor-
dance with aspects of the present disclosure.

FIG. 11 is a flow diagram illustrating example opera-
tions for wireless communication by a UE, in accor-
dancewith certain aspects of the present disclosure.

FIG.12 illustratesacommunicationsdevice thatmay
include various components configured to perform
operations for the techniques disclosed herein in
accordance with aspects of the present disclosure.

[0013] To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures. It is
contemplated that elements disclosed in one aspectmay
be beneficially utilized on other aspects without specific
recitation.

DETAILED DESCRIPTION

[0014] Aspects of the present disclosure provide ap-
paratus, methods, processing systems, and computer
readable mediums for cyclic shift selection for physical
sidelink control channel (PSCCH) retransmissions, such
as in cellular vehicle-to-anything (C-V2X) direct commu-
nications.
[0015] In C-V2X systems, user equipment (UE), such
as vehicular UEs, may directly communicate with each
other using time-frequency resources autonomously se-
lected by the UE. However, the autonomous selection of
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resources can cause problems when two UEs select the
same resources, thereby causing packet collisions or
packet overlaps. For example, in some scenarios, a
UEmay be "hidden" during channel sensing and an initial
resource selection (e.g., an autonomous semi-persistent
scheduling (SPS) resource selection), and may be inter-
fering.
[0016] Aspects of the present disclosure provide tech-
niques for selecting cyclic shifts for PSCCH retransmis-
sions. In some examples, a UE monitors for sidelink
control information (SCI) and corresponding SCI trans-
missions of other UEs and for any collisions between its
transmissions (and retransmissions) and transmissions
(and retransmissions) from other UEs. The UE may
select a cyclic shift for its own SCI transmission (either
an initial SCI transmission or a SCI retransmission)
based on whether there is a collision.
[0017] The following description provides examples of
cyclic shift selection for PSCCH retransmissions in com-
munication systems, and is not limiting of the scope,
applicability, or examples set forth in the claims.Changes
may be made in the function and arrangement of ele-
ments discussed without departing from the scope of the
disclosure. Various examples may omit, substitute, or
add various procedures or components as appropriate.
For instance, the methods described may be performed
in an order different from that described, and various
steps may be added, omitted, or combined. Also, fea-
tures described with respect to some examples may be
combined in some other examples. For example, an
apparatus may be implemented or a method may be
practiced using any number of the aspects set forth
herein. In addition, the scopeof thedisclosure is intended
to cover such an apparatus or method which is practiced
using other structure, functionality, or structure and func-
tionality in addition to, or other than, the various aspects
of the disclosure set forth herein. It should be understood
that any aspect of the disclosure disclosed hereinmaybe
embodied by one or more elements of a claim. The word
"exemplary" is used herein to mean "serving as an ex-
ample, instance, or illustration." Any aspect described
herein as "exemplary" is not necessarily to be construed
as preferred or advantageous over other aspects.
[0018] In general, any number of wireless networks
may be deployed in a given geographic area. Each
wireless network may support a particular radio access
technology (RAT) and may operate on one or more
frequencies. A RAT may also be referred to as a radio
technology, an air interface, etc. A frequencymayalso be
referred to as a carrier, a subcarrier, a frequency channel,
a tone, a subband, etc. Each frequency may support a
single RAT in a given geographic area in order to avoid
interference between wireless networks of different
RATs.
[0019] The techniques described herein may be used
for various wireless networks and radio technologies.
While aspects may be described herein using terminol-
ogy commonly associated with 3G, 4G, and/or new radio

(e.g., 5G NR) wireless technologies, aspects of the pre-
sent disclosure can be applied in other generation-based
communication systems.
[0020] NR access may support various wireless com-
munication services, such as enhanced mobile broad-
band (eMBB) targeting wide bandwidth (e.g., 80 MHz or
beyond), millimeter wave (mmW) targeting high carrier
frequency (e.g., 25 GHz or beyond), massive machine
type communications MTC (mMTC) targeting non-back-
ward compatibleMTC techniques, and/ormission critical
targeting ultra-reliable low-latency communications
(URLLC). These services may include latency and relia-
bility requirements. These services may also have differ-
ent transmission time intervals (TTI) to meet respective
quality of service (QoS) requirements. In addition, these
servicesmay coexist in the same subframe. NR supports
beamforming and beam direction may be dynamically
configured. MIMO transmissions with precoding may
also be supported. MIMO configurations in the DL may
support up to 8 transmit antennas with multi-layer DL
transmissions up to 8 streams and up to 2 streams per
UE.Multi-layer transmissionswithup to2streamsperUE
may be supported. Aggregation of multiple cells may be
supported with up to 8 serving cells.
[0021] FIG. 1 illustrates an example wireless commu-
nication network 100 in which aspects of the present
disclosure may be performed. For example, the wireless
communication network 100may be anNR system (e.g.,
a 5G NR network). As shown in FIG. 1, the wireless
communication network 100 may be in communication
with a core network 132. The core network 132 may in
communication with one or more base station (BSs) 110
and/or user equipment (UE) 120 in the wireless commu-
nication network 100 via one or more interfaces.
[0022] Asshown inFIG. 1, thewireless communication
network 100 may be in communication with a core net-
work 132. The core network 132 may in communication
with one or more base station (BSs) 110a-z (each also
individually referred to herein as BS 110 or collectively as
BSs 110) and/or user equipment (UE) 120a-y (each also
individually referred to herein asUE120or collectively as
UEs 120) in the wireless communication network 100 via
one or more interfaces.
[0023] A BS 110 may provide communication cover-
age for a particular geographic area, sometimes referred
to as a "cell", which may be stationary or may move
according to the location of a mobile BS 110. In some
examples, the BSs 110 may be interconnected to one
another and/or to one or more other BSs or network
nodes (not shown) in wireless communication network
100 through various types of backhaul interfaces (e.g., a
direct physical connection, a wireless connection, a vir-
tual network, or the like) using any suitable transport
network. In the example shown in FIG. 1, the BSs
110a, 110b and 110c may be macro BSs for the macro
cells 102a, 102b and 102c, respectively. The BS 110x
may be a pico BS for a pico cell 102x. The BSs 110y and
110zmaybe femtoBSs for the femtocells 102yand102z,

5

10

15

20

25

30

35

40

45

50

55



5

7 EP 4 333 351 B1 8

respectively. A BS may support one or multiple cells. A
network controller 130maycouple toaset ofBSs110and
provide coordination and control for these BSs 110 (e.g.,
via a backhaul).
[0024] The BSs 110 communicate with UEs 120a-y
(each also individually referred to herein as UE 120 or
collectively as UEs 120) in the wireless communication
network 100. TheUEs120 (e.g., 120x, 120y, etc.)maybe
dispersed throughout the wireless communication net-
work 100, and each UE 120may be stationary or mobile.
Wireless communication network 100 may also include
relay stations (e.g., relay station 110r), also referred to as
relays or the like, that receive a transmission of data
and/or other information from an upstream station
(e.g., a BS 110a or a UE 120r) and sends a transmission
of the data and/or other information to a downstream
station (e.g., a UE 120 or a BS 110), or that relays
transmissions between UEs 120, to facilitate communi-
cation between devices.
[0025] According to certain aspects, the UEs 120 may
beconfigured for cyclic shift selection forphysical sidelink
control channel (PSCCH) retransmission. As shown in
FIG.1, theUE120a includesasidelinkmanager122.The
sidelink manager 122 may be configured to monitor one
or more sidelink control information (SCI) transmissions
from one or more second UEs; determine, based on the
one or more SCI, whether one or more collisions occur
between one or more retransmissions of the one ormore
SCI transmissions by the one or more second UEs and a
scheduled SCI transmission by the first UE; and select a
cyclic shift to use for the scheduled SCI transmission by
the first UE based at least on the determination, in ac-
cordance with aspects of the present disclosure.
[0026] FIG. 2 illustrates example components of BS
110a and UE 120a (e.g., in the wireless communication
network 100 of FIG. 1),which may be used to implement
aspects of the present disclosure.
[0027] At the BS 110a, a transmit processor 220 may
receive data from a data source 212 and control informa-
tion fromacontroller/processor 240. The control informa-
tion may be for the physical broadcast channel (PBCH),
physical control format indicator channel (PCFICH), phy-
sical hybrid ARQ indicator channel (PHICH), physical
downlink control channel (PDCCH), group common
PDCCH (GC PDCCH), etc. The data may be for the
physical downlink shared channel (PDSCH), etc. Amed-
iumaccesscontrol (MAC)‑control element (MAC-CE) isa
MAC layer communication structure thatmay be used for
control command exchange between wireless nodes.
The MAC-CE may be carried in a shared channel such
as a physical downlink shared channel (PDSCH), a phy-
sical uplink shared channel (PUSCH), or a physical side-
link shared channel (PSSCH).
[0028] The processor 220 may process (e.g., encode
and symbol map) the data and control information to
obtain data symbols and control symbols, respectively.
The transmit processor 220mayalso generate reference
symbols, such as for the primary synchronization signal

(PSS), secondary synchronization signal (SSS), and
channel state information reference signal (CSI-RS). A
transmit (TX) multiple-input multiple-output (MIMO) pro-
cessor 230 may perform spatial processing (e.g., pre-
coding) on the data symbols, the control symbols, and/or
the reference symbols, if applicable, and may provide
output symbol streams to the modulators (MODs) in
transceivers 232a‑232t. Each modulator in transceivers
232a‑232t may process a respective output symbol
stream (e.g., for OFDM, etc.) to obtain an output sample
stream. Each modulator may further process (e.g., con-
vert to analog, amplify, filter, and upconvert) the output
sample stream to obtain a downlink signal. Downlink
signals from modulators in transceivers 232a‑232t may
be transmitted via the antennas 234a‑234t, respectively.
[0029] At the UE 120a, the antennas 252a‑252r may
receive the downlink signals from the BS 110a and may
provide received signals to the demodulators (DEMODs)
in transceivers 254a‑254r, respectively. Each demodu-
lator in transceivers 254a‑254r may condition (e.g., filter,
amplify, downconvert, and digitize) a respective received
signal to obtain input samples. Each demodulator may
further process the input samples (e.g., forOFDM,etc.) to
obtain received symbols. A MIMO detector 256 may
obtain received symbols from all the demodulators in
transceivers 254a‑254r, perform MIMO detection on
the received symbols if applicable, and provide detected
symbols. A receive processor 258 may process (e.g.,
demodulate, deinterleave, and decode) the detected
symbols, provide decoded data for the UE 120a to a data
sink 260, and provide decoded control information to a
controller/processor 280.
[0030] On the uplink, at UE 120a, a transmit processor
264 may receive and process data (e.g., for the physical
uplink shared channel (PUSCH)) from a data source 262
and control information (e.g., for the physical uplink con-
trol channel (PUCCH) from the controller/processor 280.
The transmit processor 264mayalso generate reference
symbols for a reference signal (e.g., for the sounding
reference signal (SRS)). The symbols from the transmit
processor 264 may be precoded by a TX MIMO proces-
sor 266 if applicable, further processedby themodulators
(MODs) in transceivers 254a‑254r (e.g., for SC-FDM,
etc.), and transmitted to the BS 110a. At the BS 110a,
the uplink signals from the UE 120a may be received by
the antennas 234, processed by the modulators in trans-
ceivers 232a‑232t, detected by a MIMO detector 236 if
applicable, and further processed by a receive processor
238 to obtain decoded data and control information sent
by the UE 120a. The receive processor 238 may provide
the decoded data to a data sink 239 and the decoded
control information to the controller/processor 240.
[0031] Thememories 242 and 282may store data and
program codes for BS 110a andUE 120a, respectively. A
scheduler 244 may schedule UEs for data transmission
on the downlink and/or uplink.
[0032] Antennas 252, processors 266, 258, 264, an-
d/or controller/processor 280 of the UE 120a and/or
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antennas 234, processors 220, 230, 238 may be used to
perform the various techniques and methods described
herein. As shown in FIG. 2, the controller/processor 280
of the UE 120a has a sidelink manager 281 that may be
configured for cyclic shift selection for PSCCH retrans-
mission, according to aspects described herein.
Although shown at the controller/processor, other com-
ponents of the UE 120a and BS 110a may be used to
perform the operations described herein.
[0033] NR may utilize orthogonal frequency division
multiplexing (OFDM) with a cyclic prefix (CP) on the
uplink and downlink. NRmay support half-duplex opera-
tion using time division duplexing (TDD). OFDM and
single-carrier frequency division multiplexing (SC-
FDM) partition the system bandwidth into multiple ortho-
gonal subcarriers, which are also commonly referred to
as tones, bins, etc. Each subcarrier may be modulated
with data. Modulation symbols may be sent in the fre-
quency domain with OFDM and in the time domain with
SC-FDM. The spacing between adjacent subcarriers
may be fixed, and the total number of subcarriers may
be dependent on the system bandwidth. The minimum
resourceallocation, called a resource block (RB),maybe
12 consecutive subcarriers. The system bandwidth may
also be partitioned into subbands. For example, a sub-
band may cover multiple RBs. NR may support a base
subcarrier spacing (SCS) of 15 KHz and other SCS may
be definedwith respect to the base SCS (e.g., 30 kHz, 60
kHz, 120 kHz, 240 kHz, etc.).
[0034] FIG. 3 is a diagram showing an example of a
frame format 300 for NR. The transmission timeline for
each of the downlink and uplink may be partitioned into
units of radio frames. Each radio frame may have a
predetermined duration (e.g., 10 ms) and may be parti-
tioned into 10 subframes, each of 1 ms, with indices of 0
through9.Eachsubframemay includeavariable number
of slots (e.g., 1, 2, 4, 8, 16, ... slots) depending on the
SCS. Each slot may include a variable number of symbol
periods (e.g., 7 or 14 symbols) depending on the SCS.
Thesymbol periods ineachslotmaybeassigned indices.
A mini-slot, which may be referred to as a sub-slot struc-
ture, refers to a transmit time interval having a duration
less than a slot (e.g., 2, 3, or 4 symbols). Each symbol in a
slot may indicate a link direction (e.g., DL, UL, or flexible)
for data transmission and the link direction for each
subframe may be dynamically switched. The link direc-
tions may be based on the slot format. Each slot may
include DL/UL data as well as DL/UL control information.
[0035] In NR, a synchronization signal block (SSB) is
transmitted. In certain aspects, SSBsmay be transmitted
in a burst where each SSB in the burst corresponds to a
different beam direction for UE-side beam management
(e.g., including beamselection and/or beam refinement).
The SSB includes a PSS, a SSS, and a two symbol
PBCH. The SSB can be transmitted in a fixed slot loca-
tion, such as the symbols 0‑3 as shown in FIG. 3. The
PSS and SSS may be used by UEs for cell search and
acquisition. The PSS may provide half-frame timing, the

SSmayprovide theCP lengthand frame timing. ThePSS
and SSSmay provide the cell identity. The PBCH carries
somebasic system information, suchasdownlinksystem
bandwidth, timing information within radio frame, SS
burst set periodicity, system frame number, etc. The
SSBs may be organized into SS bursts to support beam
sweeping. Further system information such as, remain-
ing minimum system information (RMSI), system infor-
mation blocks (SIBs), other system information (OSI) can
be transmitted on a physical downlink shared channel
(PDSCH) in certain subframes. The SSB can be trans-
mitted up to sixty-four times, for example, with up to sixty-
four different beam directions for mmWave. The multiple
transmissions of the SSB are referred to as a SS burst
set. SSBs in an SS burst set may be transmitted in the
same frequency region, whileSSBs in different SSbursts
sets can be transmitted at different frequency regions.
[0036] In some examples, the communication be-
tween the UEs 120 and BSs 110 is referred to as the
access link. The access link may be provided via a Uu
interface. Communication between devices may be re-
ferred as the sidelink.
[0037] In some examples, two or more subordinate
entities (e.g., UEs 120) may communicate with each
other using sidelink signals. Real-world applications of
such sidelink communicationsmay include public safety,
proximity services, UE-to-network relaying, vehicle-to-
vehicle (V2V) communications, Internet of Everything
(IoE) communications, IoTcommunications, mission-cri-
tical mesh, and/or various other suitable applications.
Generally, a sidelink signal may refer to a signal com-
municated from one subordinate entity (e.g., UE 120a) to
another subordinate entity (e.g., anotherUE120)without
relaying that communication through the scheduling en-
tity (e.g., UE 120 or BS 110), even though the scheduling
entity may be utilized for scheduling and/or control pur-
poses. In some examples, the sidelink signals may be
communicated using a licensed spectrum (unlike wire-
less local area networks, which typically use an unli-
censed spectrum). One example of sidelink communica-
tion is PC5, for example, as used in V2V, LTE, and/or NR.
[0038] Various sidelink channelsmay be used for side-
link communications, including a physical sidelink dis-
covery channel (PSDCH), a physical sidelink control
channel (PSCCH), a physical sidelink shared channel
(PSSCH), and a physical sidelink feedback channel
(PSFCH). The PSDCHmay carry discovery expressions
that enable proximal devices to discover each other. The
PSCCH may carry control signaling such as sidelink
resource configurations and other parameters used for
data transmissions, and the PSSCH may carry the data
transmissions. The PSFCHmay carry feedback such as
CSI related to a sidelink channel quality.
[0039] FIG. 4 and FIG. 5 show diagrammatic repre-
sentations of example vehicle-to-everything (V2X) sys-
tems, in accordance with some aspects of the present
disclosure. For example, the vehicles shown in FIG. 4
and FIG. 5 may communicate via sidelink channels and
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may relay sidelink transmissions as described herein.
[0040] TheV2X systems, provided inFIG. 4 andFIG. 5
provide two complementary transmission modes. A first
transmission mode (also referred to as mode 4), shown
by way of example in FIG. 4, involves direct communica-
tions (for example, also referred to as side link commu-
nications) between participants in proximity to one an-
other in a local area. A second transmission mode (also
referred to as mode 3), shown by way of example in FIG.
5, involves network communications through a network,
which may be implemented over a Uu interface (for
example, a wireless communication interface between
a radio access network (RAN) and a UE).
[0041] Referring to FIG. 4, a V2X system 400 (for
example, including vehicle to vehicle (V2V) communica-
tions) is illustrated with two vehicles 402, 404. The first
transmission mode allows for direct communication be-
tween different participants in a given geographic loca-
tion. As illustrated, a vehicle can have a wireless com-
munication link 406 with an individual (vehicle-to-person
(V2P)) (for example, via a UE) through a PC5 interface.
Communications between the vehicles 402 and 404may
also occur through a PC5 interface 408. In a likemanner,
communication may occur from a vehicle 402 to other
highway components (for example, highway component
410), such as a traffic signal or sign (vehicle-to-infra-
structure (V2I)) through a PC5 interface 412. With re-
spect to each communication link illustrated in FIG. 4,
two-way communication may take place between ele-
ments, therefore each element may be a transmitter and
a receiver of information. The V2X system 400 may be a
self-managed system implemented without assistance
from a network entity. A self-managed system may en-
able improved spectral efficiency, reduced cost, and in-
creased reliability as network service interruptions do not
occur during handover operations for moving vehicles.
The V2X system may be configured to operate in a
licensed or unlicensed spectrum, thus any vehicle with
an equipped system may access a common frequency
and share information. Such harmonized/common spec-
trum operations allow for safe and reliable operation.
[0042] FIG. 5 shows a V2X system 500 for commu-
nication betweena vehicle 552anda vehicle 554 through
a network entity 556. These network communications
mayoccur throughdiscretenodes, suchasaBS (e.g., the
BS 110a), that sends and receives information to and
from (for example, relays information between) vehicles
552, 554. The network communications through vehicle
to network (V2N) links 558 and 510 may be used, for
example, for long range communications between vehi-
cles, such as for communicating the presence of a car
accident adistanceaheadalonga roador highway.Other
types of communications may be sent by the wireless
node to vehicles, such as traffic flow conditions, road
hazard warnings, environmental/weather reports, and
service station availability, among other examples. Such
data can be obtained from cloud-based sharing services.
[0043] Roadsideunits (RSUs)maybeutilized.AnRSU

maybeused forV2I communications. In someexamples,
anRSUmayact asa forwardingnode toextendcoverage
for a UE. In some examples, an RSU may be co-located
with aBSormay be standalone.RSUs can have different
classifications. For example, RSUs can be classified into
UE-type RSUs and Micro NodeB-type RSUs. Micro NB-
type RSUs have similar functionality as the Macro
eNB/gNB. The Micro NB-type RSUs can utilize the Uu
interface. UE-type RSUs can be used for meeting tight
quality-of-service (QoS) requirements byminimizing col-
lisions and improving reliability. UE-type RSUs may use
centralized resource allocation mechanisms to allow for
efficient resource utilization. Critical information (e.g.,
suchas trafficconditions,weather conditions, congestion
statistics, sensor data, etc.) can be broadcast to UEs in
the coverage area. Relays can rebroadcasts critical in-
formation received from some UEs. UE-type RSUs may
be a reliable synchronization source.
[0044] As mentioned above, aspects of the present
disclosure relate to sidelink communications, which
can include cellular V2X (C-V2X) communications. A
C-V2X systemmay operate in various modes. An exam-
ple mode, referred to as Mode 3, may be used when the
UE is in an in-coverage area. In the Mode 3, the network
may control allocation of resources for the sidelink UEs.
In another examplemode for V2X systems, referred to as
Mode 4, the sidelink UEs may autonomously select re-
sources (e.g., resource blocks (RBs)) used for transmis-
sions to communicate with each other. For example,
resources may be semi-persistent scheduling (SPS) re-
sources. In some examples, the sidelink UEs can auton-
omously select resources based on an SPS algorithm.
The SPS algorithm may be configured, hardcoded, or
preconfigured at theUE. For example, theSPSalgorithm
may be based on an SPS algorithm defined in the 3GPP
technical standards.
[0045] In some systems, a UEmay select resources to
transmit using a sensing mechanism. By sensing avail-
able and unavailable resources, the UE can select and
transmit on vacant resources, which may reduce or pre-
vent collisions. The sensing may involve power estima-
tion (e.g., resource signal strength indicator (RSSI) mea-
surements). The power estimation may exclude unmea-
sured subframes (e.g. due to previous transmissions).
The resource selectionmay exclude resources based on
expected conflict with other UE’s transmissions. Hidden
UEs; however,may be unaware of each other and, there-
fore, unable to exclude each other resources. Thus,
transmissions by these UEs may collide on neighboring
UEs.
[0046] In some cases, a "hidden terminal" scenario
mayoccur due to thedynamically changingenvironment.
For example, when the sidelink UE selects resources for
transmissions (e.g., in theMode4), someotherUEs (e.g.,
vehicles) may be hidden (e.g., undetected), such as
when a channel sensing is performed. Thus, two (or
more) UEs may (e.g., autonomously) select the same
resources. Hidden terminal scenarios (leading to packet
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collision) may occur when UEs have overlapping cover-
age area while assigning RBs for transmission.
[0047] FIG. 6A illustrates a hidden terminal scenario.
TheUEAandUECcannot senseeachother’s presence,
for example, because these UEs are outside the cover-
age range of each other. As shown in FIG. 6A, the
physical distance, d, between UE A and UE C is at least
rA + rC, where rA is the radius of UEs A’s coverage and rC
is the radius of UE C’s coverage. UE A does not know
about the existence of UE C (the "hidden node"), and
similarly, UE C does not know about the existence of UE
A. Because UE A and UEC do not know about the other,
both UEs may allocate/select the same time-frequency
resources (some or all) (e.g., overlapping RBs) for trans-
mission. In this case, UEs in the common area of UE A
andUEC(A∩C), suchasUEBshown inFIG.6B)cannot
decode the data transmitted from either UE A or UE C
using theallocated resources, due to thepacket collision.
[0048] Collisions and overlaps may be seen in con-
gested scenarios. As used herein, overlap occurs when
two or more UEs transmit control channel (e.g., PSCCH)
and data channels (e.g., PSSCH) on the same resources
and collision occurs when two or more UEs transmit
control channels (PSCCH) on the same resources.
FIG. 7A illustrates an example collision scenario and
FIG. 7B illustrates an example overlapping scenario.
During a collision, as shown in FIG. 7A, the PSCCH
transmissions from UE1 and UE2 are transmitted on
the same resources. During an overlap, as shown in
FIG. 7B, the PSCCH and PSSCH transmissions from
UE1andUE2 are transmitted using the same resources.
[0049] For both collisions and overlaps, if the UE1 and
UE2 transmit PSCCH and PSSCH transmissions, other
UEs may not detect the PSCCH (e.g., with sidelink con-
trol SCI). Although transmissions from two UEs are
shown in FIG. 7A and 7B, the system may involve side-
link transmissions from any number of UEs.
[0050] ForPSCCH,bit processingmay followdownlink
control information (DCI) with no scrambling in cyclic
redundancy check (CRC) attachment. Scrambling may
be initialized with a constant (e.g., cinit = 510). The
PSCCH may use quadrature phase shift keying (QPSK)
modulation. Layer mapping and precoding may use a
single antenna port. SCI may be transmitted in the
PSCCH and include a payload and un-coded bits. The
same SCI may include the same transmitted symbols
(e.g., coded, modulated, mapped symbols). FIG. 8 is an
example table of parameters for reference signals for
PSCCH transmissions (e.g., as defined in TS 36.211
Table 9.8‑2). The reference signals used for PSSCH
may not use group or sequence hopping and uses the
sameorthogonal code. The reference signals for PSSCH
can have cyclic shifts that provide channel separation
(e.g., four randomly selected values {0, 3, 6, 9}).
[0051] Information regarding sidelink transmissions
can be obtained from the SCI sent in the PSCCH. With
SPS transmissions, each SPS transmission indicates a
transmission period (e.g., 20/50/100/200...1000 sub-

frames). In this case, information regarding transmis-
sions can be determined from the indicated periodicity
of the SPS transmissions. In another example, hybrid
automatic repeat request (HARQ) transmissions may
involve binding mechanisms and controls (e.g., 1/2/...
15 subframe gaps). For example, redundancy versions
(e.g., RV0, RV2) may be associated (e.g., point to each
other). Thus, information regarding one RV may be de-
termined from information about another RV. FIG. 9
illustrates an example SCI RV pair.
[0052] In some systems (e.g., in TS 36.211 Section
9.8), for sidelink transmission modes 3 and 4 on the
PSCCH, the cyclic shift to be applied is randomly se-
lected from among {0, 3, 6, 9} in each PSCCH transmis-
sion and retransmission (e.g., according to TS 36.211
Section 14.2.1). Randomly selecting the cyclic shift may
help to handle collisions.
[0053] Congestion in transmissions, such as collisions
due to the hidden UE scenarios, can be detrimental to C-
V2X communications and can lead to competition (e.g.
Dedicated Short Range Communication (DSRC)) pro-
motion. Congestion in transmissions may impact packet
error rate (PER) and/or information age (IA). To deal with
these collisions andoverlaps, contention control,muting,
andother techniquesweredeveloped toeasecongestion
implications (e.g., increasing inter-transmit time (ITT) on
account of reducing the PER and IA).
[0054] Due to random nature of cyclic shift selection, a
UEmay receive colliding PSCCH transmissions with the
same cyclic shift. A collision of PSCCH transmissions
with thesamecyclic shiftmay to theUEmisdetecting (i.e.,
not detecting) the PSCCH. Thus, in some cases, when
the UE autonomously selects resources, the UE will not
exclude the resources (e.g., sub-channels) of the non-
detected PSCCH transmissions. Accordingly, conges-
tion control effectiveness is decreased. Collisions may
also cause measurements assisting link management
(e.g. sync-time offset) to be missed. In some cases,
because of misdetection of the PSCCH, the UEs may
misdetect PSSCH transmissions because the sidelink
control information points to the corresponding sidelink
data transmission.
[0055] Collision of PSCCH transmissions with the
same cyclic shift lead to the UE being unable to differ-
entiate PSCCH transmissions. A UE with no prior knowl-
edge may simply decode the strongest PSCCH, and
unnecessarily lose PSCCH transmissions (and asso-
ciated PSSCH) with lesser transmission strength where
RV0 passes its cyclic redundancy check (CRC).
[0056] Accordingly,what is neededare techniquesand
apparatus for cyclic shift selection for PSCCH transmis-
sions and retransmissions in sidelink communications.

Example Cyclic Shift Selection for Physical Sidelink
Control Channel Transmission

[0057] Aspects of the present disclosure provide cyclic
shift selection for physical sidelink control channel
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(PSCCH) transmissions and retransmissions, such as in
cellular vehicle to everything (C-V2X) communications.
In certain aspects, a first user equipment (UE) monitors
for a sidelink control indicator (SCI) transmissions from a
second UE. The SCI transmissions from the second UE
may collide one of the first UE’s SCI transmission (either
an initial transmission or a retransmission). Based on
whether there is a collision of transmission, the first UE
selects a cyclic shift to use for its transmissions. The
selection of the cyclic shift may depend on whether there
is a transmission and whether the transmissions are
initial transmissions or retransmissions from either the
first UE or the second UE.
[0058] Aspectsof thepresentdisclosureaim toprevent
selection of the same cyclic shift on overlapping trans-
mission by multiple UEs. Certain aspects of the present
disclosure provide criteria for selecting the cyclic shift for
PSCCH retransmissions.
[0059] According to certain aspects, theUEmay trans-
mit a PSCCH retransmission (e.g., a redundancy ver-
sion, RV2) on a resource with no known collisions. When
there are no known collisions, the UE may select the
same cyclic shift for the PSCCH retransmission as the
cyclic shift that was randomly selected for the initial
PSCCH transmission (e.g., RV0). In some examples,
the cyclic shift is randomly selected from a set of cyclic
shifts, such as the set {0, 3, 6, 9}. When a cyclic shift is
used for the retransmission, CSx, that cyclic shift may be
removed the set of non-used cyclic shifts.
[0060] In some aspects, the UE may transmit on the
same resources that another UE (at least one other UE)
uses for a PSCCH retransmission (e.g., a collision de-
termined by the UE based on first detecting an SCI from
the other UE). If the UE is sending an initial PSCCH
transmission (e.g., RV0) that collides with the PSCCH
retransmission by the other UE, then the UE may ran-
domly select a cyclic shift from a group (e.g., the set) of
non-used cyclic shifts to use for its initial PSCCH trans-
mission. The group of non-used cyclic shifts may include
the list of available cyclic shifts (e.g., {0, 3, 6, 9}) excluding
the cyclic shift used by the other UEs to send its PSCCH
retransmission. For example, if theotherUEusesacyclic
shift of 3 to send its PSCCH retransmission, then the UE
may randomly select a cyclic shift from the remaining set
of non-used cyclic shifts {0, 6, 9} to use for its initial
PSCCH transmission.
[0061] FIG. 10 is a call flow illustrating example signal-
ing 1000 between a UE1 and a UE2, in accordance with
certain aspects of the present disclosure. At 1002, the
UE1maysend toUE2aRV0PSCCHtransmission,which
may provide SCI and information about the physical
sidelink shared channel (PSSCH) RV0 transmission. At
1004, the UE1 receives from UE2 a RV0 PSCCH trans-
mission. After receiving the PSCCHRV0 from theUE2 at
1004, thenat1008, theUE1mayupdate thegroupofnon-
used cyclic shifts to exclude the cyclic shift used by UE2
to send UE2’s PSCCH transmission (at 1004).
[0062] At 1006, the UE1 may detect a collision based

on theSCI received from theUE2 (at 1004). For example,
the SCI from the UE2 may point to the retransmission of
the SCI on the PSCCH at 1012b. The UE1 may detect
that the UE1 has a colliding PSCCH transmission or
retransmission at 1012a.
[0063] According to certain aspects, the UE1 may
select, at 1010, the cyclic shift for its colliding PSCCH
transmission at 1012a based the determination.
[0064] In someaspects, if theUE (e.g., UE1 ofFIG. 10)
is sending aPSCCH retransmission (e.g., RV2at 1012a),
that collides with the PSCCH retransmission by another
UE (e.g., RV2 at 1012b), then the cyclic shift selected by
the UE may depend on whether the cyclic shift used for
the corresponding initial PSCCH transmission (e.g., RV0
at 1002) by the UE is contained in the group of non-used
cyclic shifts.
[0065] If the cyclic shift selected that was used for the
initial PSCCH transmission (e.g., at 1002) is contained in
the group of non-used cyclic shifts, the UE may select
(e.g., at 1010) the same cyclic shift for the PSCCH
retransmission (e.g., at 1012a). That is, if the cyclic shift
used for the initial transmission by theUE is different than
the cyclic shift of any colliding PSCCH retransmission by
another UE, then the cyclic shift used for the initial trans-
mission by the UE can be reused for the corresponding
retransmission. On the other hand, if the cyclic shift used
for the initial PSCCH transmission by the UE is not
contained in the group of non-used cyclic shifts, then
the UE may randomly select the cyclic shift for the re-
transmission by theUE from the group of non-used cyclic
shifts. That is, if the cyclic shift used for the initial trans-
mission by the UE is the same as the cyclic shift of any
colliding PSCCH retransmission by another UE, then the
cyclic shift used for the initial transmission by the UE
cannot be reused for the corresponding retransmission.
In some aspects, if the cyclic shift used for the initial
PSCCH transmission by the UE is not contained in the
group of non-used cyclic shifts, then the UE may select
the same cyclic shift for the retransmission by the UE as
used for the initial transmission by the UE, which was
randomly selected. In other words, when there is a colli-
sion, the UE may either randomly select from the non-
used CSs or may select the same CS used for the RV0
transmission.
[0066] In some aspects, the cyclic shift selection ap-
proachdescribedabovemaybeactivatedordeactivated.
For example, the UE may perform the above cyclic shift
selection for the PSCCH retransmissions when obser-
ving congestion (i.e. as a congestion control mechan-
ism), such aswhen congestion reaches adefined thresh-
old.
[0067] Aspects of the present disclosure may be de-
tected when transmitting an HARQ pair (RV0 and RV2
pair). In some examples, the UE may transmit RV0 and
RV2 continuously, and accordingly, the majority of RV0
and RV2 transmissions may have the same cyclic shift.
With a random selection of cyclic shifts, transmissions
have about a 25% chance of collision.
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[0068] Aspects of the present disclosure may be de-
tected when transmitting RV0 on a resource with an
overlapped RV2(s). For example, a first UE supporting
same cyclic shift transmissionmay continuously transmit
anHARQpair (with samecyclic shift), and the secondUE
continuously transmits RV0 colliding with RV2. Accord-
ingly, aspects of the present disclosure may not use the
samecyclic shift for the initial PSCCHtransmission,while
with a purely random selection of cyclic shifts, the cyclic
shifts will be evenly distributed.
[0069] FIG. 11 is a flow diagram illustrating example
operations 1100 for wireless communication, in accor-
dancewith certain aspects of the present disclosure. The
operations1100maybeperformed, for example, byafirst
UE (e.g., such as a UE 120a in the wireless communica-
tion network 100). Operations 1100may be implemented
as software components that are executed and run on
oneormoreprocessors (e.g., controller/processor 280 of
FIG. 2). Further, the transmission and reception of sig-
nals by the UE in operations 1000 may be enabled, for
example, by oneormoreantennas (e.g., antennas 252of
FIG. 2). In certain aspects, the transmission and/or re-
ception of signals by the UE may be implemented via a
bus interface of one or more processors (e.g., control-
ler/processor 280) obtaining and/or outputting signals.
[0070] The operations 1100 may begin, at 1105, by
monitoring one or more SCI transmissions for one or
more secondUEs. For example, the first UEmaymonitor
one or more PSCCHs for SCI from one or more sidelink
UEs.
[0071] At 1110, the first UE determines, based on the
one or more SCI, whether one or more collisions occur
between one or more retransmissions of the one ormore
SCI transmissions by the one or more second UEs and a
scheduled SCI transmission by the first UE. Determining
whether the one or more collision occursmay involve the
first UE determining, based on the SCI transmissions
from the one or more second UEs, time and frequency
resources for the one or more retransmissions of the one
or more SCI transmissions by the one or more second
UEs. The first UE may determine that a collision occurs
when the same time and frequency resources are used
(e.g., scheduled, allocated, or indicated) for the sched-
uled SCI transmission by the first UE as the time and
frequency resources for the one ormore retransmissions
of the one or more SCI transmissions by the one or more
second UEs. The first UE may determine that a collision
does not occur when the scheduled SCI transmission by
the first UE uses different time and/or frequency re-
sources than the time and frequency resources for the
one or more retransmissions by the one or more second
UEs.
[0072] At 1115, the first UE selects a cyclic shift to use
for the scheduled SCI transmission by the first UE based
on at least on the determination.
[0073] According to some aspects, when the first UE
determines that a collision does not occur, then selecting
the cyclic shift to use for the scheduled SCI transmission

by the first UE involves randomly selecting the cyclic shift
from a set of a plurality of cyclic shifts for an initial
transmission by the first UE, and selecting the cyclic shift
randomly selected for the initial transmission for a re-
transmission by the first UE.
[0074] According to some aspects, when the first UE
determines thatacollisionoccurs, thefirstUEdetermines
one or more cyclic shifts used for the one or more re-
transmissions of the one ormoreSCI transmission by the
one or more second UEs based on one or more cyclic
shifts used for the one or more SCI transmissions by the
one or more second UEs.
[0075] In someaspects, selecting the cyclic shift to use
for the scheduled SCI transmission by the first UE com-
prises randomly selecting a cyclic shift from a set of a
plurality of cyclic shifts excluding the determined one or
morecyclic shift used for theoneormore retransmissions
of theSCI by theoneormore secondUEs that collidewith
the scheduled SCI transmission by the first UE, when the
scheduled transmission is an initial transmission.
[0076] In someaspects, selecting the cyclic shift to use
for the scheduled SCI transmission by the first UE com-
prises selecting a same cyclic shift used for an initial
transmission by the first UE when the scheduled SCI
transmission is a retransmission, and a cyclic shift used
for the initial transmission is different from thedetermined
one or more cyclic shifts for the one or more retransmis-
sions of the one or more SCI transmission by the one or
more second UEs.
[0077] In someaspects, selecting the cyclic shift to use
for the scheduled SCI transmission by the first UE com-
prises randomly selecting the cyclic shift, from a set of
plurality of cyclic shifts excluding the determined one or
morecyclic shiftsused for theoneormore retransmission
of the one or more SCI transmissions by the one or more
secondUEs that collidewith the scheduledSCI transmis-
sion by the first UE, when the scheduled SCI transmis-
sion isa retransmissionandacyclic shift used foran initial
transmission is the same as at least one of the deter-
mined one or more cyclic shifts for the one or more
retransmissions of the one or more SCI transmissions
by the one or more second UEs.
[0078] In some aspects, when the scheduled SCI
transmission is a retransmission and a cyclic shift used
for an initial transmission is the sameasat least oneof the
determined one or more cyclic shifts for the one or more
transmissions of the one or more SCI transmissions by
the one or more second UEs, selecting the cyclic shift to
use for the scheduled SCI transmission by the first UE
comprises selecting a same cyclic shift used for an initial
transmission by the first UE or randomly selecting the
cyclic shift fromaset of apluralityof cyclic shiftsexcluding
the determined one or more cyclic shifts used for the one
ormore retransmissions of theoneormoreSCI transmis-
sions by the one ormore secondUEs that collide with the
scheduled SCI transmission by the first UE.
[0079] In someaspects, selecting the cyclic shift to use
for the scheduled SCI transmission by the first UE com-

5

10

15

20

25

30

35

40

45

50

55



11

19 EP 4 333 351 B1 20

prises determining a technique for selecting the cyclic
shift basedonwhether adetected level of congestion is at
or above a congestion threshold level.
[0080] In some aspects, a transmission by either the
first UE or the second UE is associated with a first
redundancy version (RV0), and a retransmission by the
first UE or the second UE corresponding to the first SCI
transmission is associated with a second redundancy
version (RV2).
[0081] In some aspects, the first UE and the one or
more second UEs are configured for C-V2X communica-
tions, and the first UE monitors for the one or more SCI
transmissions from the one or more second UEs in a
physical sidelink control channel (PSCCH) inasubframe.
In further aspects, the first UE and the one or more
second UEs are configured for a transmission mode 4
for the C-V2X communications, and the first UE and the
one or more second UEs autonomously select transmis-
sion resources.
[0082] FIG. 12 illustrates a communications device
1200 that may include various components (e.g., corre-
sponding to means-plus-function components) config-
ured to perform operations for the techniques disclosed
herein, such as the operations illustrated in FIG. 11. The
communications device 1200 includes a processing sys-
tem 1202 coupled to a transceiver 1208 (e.g., a trans-
mitter and/or a receiver). The transceiver 1208 is config-
ured to transmit and receive signals for the communica-
tions device 1200 via an antenna 1210, such as the
various signals as described herein. The processing
system 1202 may be configured to perform processing
functions for the communications device 1200, including
processing signals received and/or to be transmitted by
the communications device 1200.
[0083] The processing system 1202 includes a pro-
cessor 1204 coupled to a computer-readable medium/-
memory 1212 via a bus 1206. In certain aspects, the
computer-readable medium/memory 1212 is configured
to store instructions (e.g., computer-executable code)
that when executed by the processor 1204, cause the
processor 1204 to perform the operations illustrated in
FIG. 11, or other operations for performing the various
techniques discussed herein for cyclic shift selection for
PSCCH transmissions. In certain aspects, computer-
readable medium/memory 1212 stores code 1214 for
monitoring one or more SCI transmissions from one or
more UEs; code 1216 for determining, based on the one
ormore SCI, whether one ormore retransmissions of the
one or more SCI transmissions by the one or more
second UEs and a scheduled SCI transmission by the
first UE; and code 1218 for selecting a cyclic shift for the
scheduledSCI transmissionby the firstUEbased at least
on the determination, in accordance with aspect of the
disclosure. In certain aspects, the processor 1204 has
circuitry configured to implement the code stored in the
computer-readable medium/memory 1212. The proces-
sor 1204 includes circuitry 1214 for monitoring one or
more SCI transmissions from one or more second UEs;

circuitry 1216 for determining, based on the one or more
SCI, whether one or more collisions occur between one
ormore retransmissions of theoneormoreSCI transmis-
sions by the one or more second UEs and a scheduled
SCI transmission by the first UE; and circuitry 1218 for
selecting a cyclic shift to use for the scheduled SCI
transmission by the first UE based at least on the deter-
mination, in accordance with aspects of the disclosure.

Example Aspects

[0084] In a first aspect, a method for wireless commu-
nication by a first user equipment (UE), includes mon-
itoring one or more sidelink control information (SCI)
transmissions from one or more second UEs; determin-
ing, based on the one or more SCI, whether one or more
collisions occur between one or more retransmissions of
the one or more SCI transmissions by the one or more
second UEs and a scheduled SCI transmission by the
first UE; and selecting a cyclic shift to use for the sched-
uledSCI transmissionby thefirstUEbasedat least on the
determination.
[0085] In a second aspect, in combination with the first
aspect, determining whether the one or more collisions
occur includes determining, based on the SCI transmis-
sion, time and frequency resources for the one or more
retransmissions of the one or more SCI transmission by
the one or more second UEs; and determining the same
time and frequency resources for the scheduled SCI
transmission by the first UE.
[0086] In a third aspect, in combination with any of the
first and second aspects, determiningwhether the one or
more collisions occur includes determining that a colli-
sion does not occur; and selecting the cyclic shift to use
for the scheduled SCI transmission by the first UE in-
cludes randomly selecting the cyclic shift, from a set of a
plurality of cyclic shifts, for an initial transmission by the
first UE; and selecting the cyclic shift that was randomly
selected for the initial transmission for a retransmission
by the first UE.
[0087] In a fourth aspect, in a combination with any of
the first through third aspects, the determining whether
the one or more collisions occur includes determining
that the one or more collisions occur; and the method
further comprises determining one or more cyclic shifts
used for the one or more retransmissions of the one or
more SCI transmissions by the one or more second UEs
based on one or more cyclic shifts used for the one or
more SCI transmissions by the one ormore secondUEs.
[0088] In a fifth aspect, in a combination with the fourth
aspect, selecting the cyclic shift to use for the scheduled
SCI transmission by the first UE includes randomly se-
lecting a cyclic shift, froma set of a plurality of cyclic shifts
excluding the determined one or more cyclic shifts used
for the one or more retransmissions of the one or more
SCI transmissions by the one or more second UEs that
collide with the scheduled SCI transmission by the first
UE, when the scheduled SCI transmission is an initial
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transmission.
[0089] Inasixthaspect, inacombinationwithanyof the
fourth or fifth aspects, selecting the cyclic shift to use for
the scheduled SCI transmission by the first UE includes
selecting a same cyclic shift used for an initial transmis-
sion by the first UEwhen the scheduledSCI transmission
is a retransmission and a cyclic shift used for the initial
transmission is different than thedeterminedoneormore
cyclic shifts for the one or more retransmissions of the
one ormore SCI transmission by the one ormore second
UEs.
[0090] In a seventh aspect, in combination with any of
the fourth throughsixth aspects,when the scheduledSCI
transmission is a retransmission and a cyclic shift used
for an initial transmission is the sameasat least oneof the
determined one or more cyclic shifts for the one or more
retransmissions of the one or more SCI transmissions by
the one or more second UEs, selecting the cyclic shift to
use for the scheduled SCI transmission by the first UE
includes selecting a same cyclic shift used for an initial
transmission by the first UE, or randomly selecting the
cyclic shift, from a set of a plurality of cyclic shifts exclud-
ing the determined one or more cyclic shifts used for the
one or more retransmissions of the one or more SCI
transmissionsby theoneormore secondUEs that collide
with the scheduled SCI transmission by the first UE.
[0091] In an eighth aspect, in combination with any of
thefirst throughseventhaspects, selecting thecyclic shift
includes determining a technique for selecting the cyclic
shift basedonwhether adetected level of congestion is at
or above a congestion threshold level.
[0092] In a ninth aspect, in combination with any of the
first through eighth aspects, a transmission is associated
with a first redundancy version (RV0), and a retransmis-
sion corresponding the first SCI transmission is asso-
ciated with a second RV (RV2).
[0093] In a tenth aspect, in combination with any of the
first through ninth aspects, the first UE and the one or
more second UEs are configured for cellular vehicle-to-
anything (C-V2X) communications; and the first UE
monitors for the one or more SCI transmissions from
the one ormore secondUEs in a physical sidelink control
channel (PSCCH) in a subframe.
[0094] In an eleventh aspect, in combination with any
of the tenth aspect, the first UE and the one or more
secondUEs are configured for a transmissionmode 4 for
theC-V2X communications, andwherein the first UEand
the one or more second UEs autonomously select trans-
mission resources.
[0095] The invention is defined in the claims.
[0096] The techniques described herein may be used
for various wireless communication technologies, such
as NR (e.g., 5G NR), 3GPP Long Term Evolution (LTE),
LTE-Advanced (LTE-A), code division multiple access
(CDMA), time division multiple access (TDMA), fre-
quency division multiple access (FDMA), orthogonal fre-
quency divisionmultiple access (OFDMA), single-carrier
frequency division multiple access (SC-FDMA), time di-

vision synchronous code division multiple access (TD-
SCDMA), and other networks. The terms "network" and
"system" are often used interchangeably. A CDMA net-
work may implement a radio technology such as Uni-
versal Terrestrial Radio Access (UTRA), cdma2000, etc.
UTRA includes Wideband CDMA (WCDMA) and other
variants of CDMA. cdma2000 covers IS‑2000, IS‑95 and
IS‑856 standards. A TDMA network may implement a
radio technology such asGlobal System forMobileCom-
munications (GSM). AnOFDMAnetworkmay implement
a radio technology such as NR (e.g. 5G RA), Evolved
UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20,
Flash-OFDMA, etc. UTRA and E-UTRA are part of Uni-
versal Mobile Telecommunication System (UMTS). LTE
and LTE-A are releases of UMTS that use E-UTRA.
UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are de-
scribed in documents from an organization named "3rd
Generation Partnership Project" (3GPP). cdma2000 and
UMB are described in documents from an organization
named "3rd Generation Partnership Project 2" (3GPP2).
NR is an emerging wireless communications technology
under development.
[0097] In 3GPP, the term "cell" can refer to a coverage
areaofaNodeB (NB)and/oraNBsubsystemserving this
coverage area, depending on the context in which the
term is used. In NR systems, the term "cell" and BS, next
generation NodeB (gNB or gNodeB), access point (AP),
distributed unit (DU), carrier, or transmission reception
point (TRP) may be used interchangeably. A BS may
provide communication coverage for a macro cell, a pico
cell, a femto cell, and/or other types of cells. A macro cell
may cover a relatively large geographic area (e.g., sev-
eral kilometers in radius) and may allow unrestricted
access by UEs with service subscription. A pico cell
may cover a relatively small geographic area and may
allow unrestricted access by UEs with service subscrip-
tion. A femto cell may cover a relatively small geographic
area (e.g., a home) and may allow restricted access by
UEs having an association with the femto cell (e.g., UEs
in aClosedSubscriberGroup (CSG),UEs for users in the
home, etc.). A BS for amacro cell may be referred to as a
macroBS.ABS for apico cellmaybe referred to as apico
BS.ABS for a femto cellmay be referred to as a femtoBS
or a home BS.
[0098] AUEmayalsobe referred toasamobile station,
a terminal, an access terminal, a subscriber unit, a sta-
tion, a Customer Premises Equipment (CPE), a cellular
phone, a smart phone, a personal digital assistant (PDA),
a wireless modem, a wireless communication device, a
handheld device, a laptop computer, a cordless phone, a
wireless local loop (WLL) station, a tablet computer, a
camera, a gaming device, a netbook, a smartbook, an
ultrabook, an appliance, a medical device or medical
equipment, abiometric sensor/device, awearabledevice
such as a smart watch, smart clothing, smart glasses, a
smartwrist band, smart jewelry (e.g., asmart ring, asmart
bracelet, etc.), an entertainment device (e.g., a music
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device, a video device, a satellite radio, etc.), a vehicular
component or sensor, a smart meter/sensor, industrial
manufacturing equipment, a global positioning system
device, or any other suitable device that is configured to
communicate via awireless or wiredmedium. SomeUEs
may be consideredmachine-type communication (MTC)
devices or evolved MTC (eMTC) devices. MTC and
eMTC UEs include, for example, robots, drones, remote
devices, sensors, meters, monitors, location tags, etc.,
that may communicate with a BS, another device (e.g.,
remote device), or some other entity. A wireless node
may provide, for example, connectivity for or to a network
(e.g., a wide area network such as Internet or a cellular
network) via a wired or wireless communication link.
Some UEs may be considered Internet-of-Things (IoT)
devices, which may be narrowband IoT (NB-IoT) de-
vices.
[0099] In some examples, access to the air interface
may be scheduled. A scheduling entity (e.g., a BS) allo-
cates resources for communication among some or all
devices and equipment within its service area or cell. The
scheduling entity may be responsible for scheduling,
assigning, reconfiguring, and releasing resources for
one or more subordinate entities. That is, for scheduled
communication, subordinate entities utilize resources
allocated by the scheduling entity. Base stations are
not the only entities that may function as a scheduling
entity. In some examples, a UE may function as a sche-
dulingentity andmayschedule resources for oneormore
subordinate entities (e.g., one or more other UEs), and
the other UEsmay utilize the resources scheduled by the
UE for wireless communication. In some examples, a UE
may function as a scheduling entity in a peer-to-peer
(P2P) network, and/or in a mesh network. In a mesh
network example, UEs may communicate directly with
one another in addition to communicatingwith a schedul-
ing entity.
[0100] The methods disclosed herein comprise one or
more steps or actions for achieving the methods. The
method steps and/or actions may be interchanged with
one another without departing from the scope of the
claims. In other words, unless a specific order of steps
or actions is specified, the order and/or use of specific
steps and/or actions may be modified without departing
from the scope of the claims.
[0101] As used herein, a phrase referring to "at least
one of" a list of items refers to any combination of those
items, including single members. As an example, "at
least one of: a, b, or c" is intended to cover a, b, c, a-b,
a-c, b-c, and a-b-c, as well as any combination with
multiples of the same element (e.g., a-a, a-a-a, a-a-b,
a-a-c, a-b-b, a-c-c, b-b, b-b-b, b-b-c, c-c, and c-c-c or any
other ordering of a, b, and c).
[0102] As used herein, the term "determining" encom-
passesawide variety of actions. For example, "determin-
ing" may include calculating, computing, processing,
deriving, investigating, looking up (e.g., looking up in a
table, a database or another data structure), ascertaining

and the like. Also, "determining" may include receiving
(e.g., receiving information), accessing (e.g., accessing
data in a memory) and the like. Also, "determining" may
include resolving, selecting, choosing, establishing and
the like.
[0103] The previous description is provided to enable
any person skilled in the art to practice the various
aspects described herein. Variousmodifications to these
aspects will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied
to other aspects.
[0104] The various operations of methods described
abovemay be performed by any suitable means capable
of performing the corresponding functions. The means
may include various hardware and/or software compo-
nent(s) and/or module(s), including, but not limited to a
circuit, anapplication specific integrated circuit (ASIC), or
processor. Generally, where there are operations illu-
strated in figures, those operations may have corre-
sponding counterpart means-plus-function components
with similar numbering.
[0105] The various illustrative logical blocks, modules
and circuits described in connection with the present
disclosure may be implemented or performed with a
general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC),
a field programmable gate array (FPGA) or other pro-
grammable logic device (PLD), discrete gate or transistor
logic, discrete hardware components, or any combina-
tion thereof designed to perform the functions described
herein. A general-purpose processor may be a micro-
processor, but in the alternative, the processor may be
any commercially available processor, controller, micro-
controller, or state machine. A processor may also be
implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microproces-
sors in conjunction with a DSP core, or any other such
configuration.
[0106] If implemented in hardware, an example hard-
ware configurationmay comprise a processing system in
a wireless node. The processing system may be imple-
mentedwith a bus architecture. The busmay include any
number of interconnecting buses and bridges depending
on the specific application of the processing system and
the overall design constraints. The busmay link together
various circuits including a processor, machine-readable
media, and a bus interface. The bus interface may be
used to connect a network adapter, among other things,
to the processing system via the bus. The network adap-
ter may be used to implement the signal processing
functions of the PHY layer. In the case of a user terminal
(see FIG. 1), a user interface (e.g., keypad, display,
mouse, joystick, etc.) may also be connected to the
bus. The bus may also link various other circuits such
as timing sources, peripherals, voltage regulators, power
management circuits, and the like, which are well known
in the art, and therefore, will not be described any further.
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The processor may be implemented with one or more
general-purposeand/or special-purposeprocessors.Ex-
amples include microprocessors, microcontrollers, DSP
processors, andother circuitry that canexecutesoftware.
Those skilled in the art will recognize how best to imple-
ment the described functionality for the processing sys-
temdepending on the particular application and the over-
all design constraints imposed on the overall system.
[0107] If implemented in software, the functions may
be stored or transmitted over as one or more instructions
or code on a computer readable medium. Software shall
be construed broadly to mean instructions, data, or any
combination thereof, whether referred to as software,
firmware, middleware, microcode, hardware description
language, or otherwise. Computer-readable media in-
clude both computer storage media and communication
media including any medium that facilitates transfer of a
computer program from one place to another. The pro-
cessor may be responsible for managing the bus and
general processing, including the execution of software
modules stored on themachine-readable storagemedia.
A computer-readable storagemediummaybe coupled to
a processor such that the processor can read information
from, andwrite information to, the storagemedium. In the
alternative, the storage medium may be integral to the
processor. By way of example, the machine-readable
media may include a transmission line, a carrier wave
modulated by data, and/or a computer readable storage
medium with instructions stored thereon separate from
the wireless node, all of which may be accessed by the
processor through the bus interface. Alternatively, or in
addition, the machine-readable media, or any portion
thereof, may be integrated into the processor, such as
the case may be with cache and/or general register files.
Examples of machine-readable storage media may in-
clude, by way of example, RAM (Random Access Mem-
ory), flash memory, ROM (Read Only Memory), PROM
(ProgrammableRead-OnlyMemory),EPROM(Erasable
Programmable Read-Only Memory), EEPROM (Electri-
cally Erasable Programmable Read-Only Memory), reg-
isters, magnetic disks, optical disks, hard drives, or any
other suitable storagemedium,oranycombination there-
of. The machine-readable media may be embodied in a
computer-program product.
[0108] A software module may comprise a single in-
struction, or many instructions, and may be distributed
over several different code segments, among different
programs, and across multiple storage media. The com-
puter-readable media may comprise a number of soft-
ware modules. The software modules include instruc-
tions that, when executed by an apparatus such as a
processor, cause the processing system to perform var-
ious functions. The software modules may include a
transmission module and a receiving module. Each soft-
ware module may reside in a single storage device or be
distributed across multiple storage devices. By way of
example, a software module may be loaded into RAM
from a hard drive when a triggering event occurs. During

execution of the software module, the processor may
load some of the instructions into cache to increase
access speed. One or more cache lines may then be
loaded into a general register file for execution by the
processor. When referring to the functionality of a soft-
ware module below, it will be understood that such func-
tionality is implementedby theprocessorwhenexecuting
instructions from that software module.
[0109] Also, any connection is properly termed a com-
puter-readable medium. For example, if the software is
transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technolo-
gies such as infrared (IR), radio, andmicrowave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, andmicro-
wave are included in the definition of medium. Disk and
disc, as used herein, include compact disc (CD), laser
disc, optical disc, digital versatile disc (DVD), floppy disk,
and Blu-ray® disc where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers. Thus, in some aspects computer-readable media
may comprise non-transitory computer-readable media
(e.g., tangible media). In addition, for other aspects
computer-readable media may comprise transitory com-
puter‑ readable media (e.g., a signal). Combinations of
the above should also be included within the scope of
computer-readable media.
[0110] Thus, certainaspectsmaycompriseacomputer
programproduct for performing theoperationspresented
herein. For example, such a computer program product
may comprise a computer-readable medium having in-
structions stored (and/or encoded) thereon, the instruc-
tions being executable by one or more processors to
perform the operations described herein, for example,
instructions for performing the operations described
herein and illustrated in FIG. 11.
[0111] Further, it should be appreciated that modules
and/or other appropriatemeans for performing themeth-
odsand techniquesdescribedherein canbedownloaded
and/or otherwise obtained by auser terminal and/or base
station as applicable. For example, such a device can be
coupled to a server to facilitate the transfer of means for
performing the methods described herein. Alternatively,
various methods described herein can be provided via
storage means (e.g., RAM, ROM, a physical storage
medium such as a compact disc (CD) or floppy disk,
etc.), such that a user terminal and/or base station can
obtain the various methods upon coupling or providing
the storage means to the device. Moreover, any other
suitable technique for providing the methods and tech-
niques described herein to a device can be utilized.
[0112] It is to be understood that the claims are not
limited to the precise configuration and components illu-
strated above. Various modifications, changes and var-
iations may be made in the arrangement, operation and
details of the methods and apparatus described above
without departing from the scope of the claims.
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Claims

1. A method (1100) for wireless communication by a
first user equipment, UE, comprising:

monitoring (1105) one or more sidelink control
information, SCI, transmissions from one or
more second UEs;
determining (1110), based on the one or more
SCI, that a collision occurs between one ormore
retransmissions of the one or more SCI trans-
missions by the one or more second UEs and a
scheduled SCI transmission by the first UE;
selecting (1115) a cyclic shift to use for the
scheduled SCI transmission by the first UE
based at least on the determination; and char-
acterized in that the method further comprises
determining one or more cyclic shifts used for
the one or more retransmissions of the one or
more SCI transmissions by the one or more
second UEs based on one or more cyclic shifts
used for the one or more SCI transmissions by
the one or more second UEs.

2. The method of claim 1, wherein determining that a
collision occurs comprises:

determining, based on the SCI transmission,
time and frequency resources for the one or
more retransmissions of the one or more SCI
transmission by the one or more second UEs;
and
determining the same time and frequency re-
sources for the scheduled SCI transmission by
the first UE.

3. The method of claim 1, wherein selecting the cyclic
shift to use for the scheduledSCI transmissionby the
first UE comprises randomly selecting a cyclic shift,
from a set of a plurality of cyclic shifts excluding the
determined oneormore cyclic shifts used for the one
or more retransmissions of the one or more SCI
transmissions by the one or more second UEs that
collide with the scheduled SCI transmission by the
first UE, when the scheduled SCI transmission is an
initial transmission.

4. The method of claim 1, wherein selecting the cyclic
shift to use for the scheduledSCI transmissionby the
first UE comprises selecting a same cyclic shift used
for an initial transmission by the first UE when the
scheduled SCI transmission is a retransmission and
a cyclic shift used for the initial transmission is dif-
ferent than the determined one or more cyclic shifts
for the one or more retransmissions of the one or
more SCI transmission by the one or more second
UEs.

5. Themethod of claim1,wherein, when the scheduled
SCI transmission is a retransmission and a cyclic
shift used for an initial transmission is the same as at
least one of the determined one or more cyclic shifts
for the one or more retransmissions of the one or
more SCI transmissions by the one or more second
UEs, selecting the cyclic shift to use for the sched-
uled SCI transmission by the first UE comprises:

selecting a same cyclic shift used for an initial
transmission by the first UE, or
randomly selecting thecyclic shift, fromaset of a
plurality of cyclic shifts excluding thedetermined
oneormorecyclic shifts used for theoneormore
retransmissions of the one or more SCI trans-
missions by the one or more second UEs that
collide with the scheduled SCI transmission by
the first UE.

6. The method of claim 1, wherein selecting the cyclic
shift comprisesdetermininga technique for selecting
the cyclic shift based on whether a detected level of
congestion is at or above a congestion threshold
level.

7. The method of claim 1, wherein a transmission is
associatedwith a first redundancy version, RV0, and
a retransmission corresponding the first SCI trans-
mission is associated with a second RV, RV2.

8. The method of claim 1, wherein:

the first UE and the one ormore secondUEs are
configured for cellular vehicle-to-anything, C-
V2X, communications;
the first UE monitors for the one or more SCI
transmissions from the oneormore secondUEs
inaphysical sidelinkcontrol channel,PSCCH, in
a subframe.

9. The method of claim 8, wherein the first UE and the
one or more second UEs are configured for a trans-
mission mode 4 for the C-V2X communications, and
wherein the firstUEand the oneormore secondUEs
autonomously select transmission resources.

10. An apparatus for wireless communication, compris-
ing:

at least one processor (1204); and
a memory (1212) coupled to the at least one
processor, the memory comprising code (1214,
1216, 1218) executable by the at least one
processor to cause the apparatus to:

monitor one or more sidelink control infor-
mation, SCI, transmissions from one or
more user equipments, UEs;
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determine, based on the one or more SCI,
that a collision occurs between one or more
retransmissions of the one or more SCI
transmissions by the one or more UEs
and a scheduled SCI transmission by the
apparatus;
select a cyclic shift to use for the scheduled
SCI transmission by the apparatus based at
least on the determination; and
characterized in that further causing the
apparatus to determine one or more cyclic
shifts used for the one or more retransmis-
sions of the one or more SCI transmissions
by the one or more second UEs based on
one or more cyclic shifts used for the one or
more SCI transmissions by the one or more
second UEs.

11. The apparatus of claim 10, wherein the code to
cause the apparatus to select the cyclic shift to
use for the scheduled SCI transmission by the ap-
paratus comprises code to cause the apparatus to
randomly select a cyclic shift, from a set of a plurality
of cyclic shifts excluding the determined one ormore
cyclic shifts used for theoneormore retransmissions
of the one or more SCI transmissions by the one or
more UEs that collide with the scheduled SCI trans-
mission by the apparatus, when the scheduled SCI
transmission is an initial transmission.

12. The apparatus of claim 10, wherein the code to
cause the apparatus to select the cyclic shift to
use for the scheduled SCI transmission by the ap-
paratus comprises code to cause the apparatus to
select a same cyclic shift used for an initial transmis-
sion by the apparatus when the scheduled SCI
transmission is a retransmission and a cyclic shift
used for the initial transmission is different than the
determined one or more cyclic shifts for the one or
more retransmissions of the one or more SCI trans-
mission by the one or more UEs.

13. Theapparatusof claim10,wherein,when the sched-
uled SCI transmission is a retransmission and a
cyclic shift used for an initial transmission is the same
as at least one of the determined one or more cyclic
shifts for the one or more retransmissions of the one
or more SCI transmissions by the one or more UEs,
the code to cause the apparatus to select the cyclic
shift to use for the scheduledSCI transmissionby the
apparatus comprises code to cause the apparatus
to:

select a same cyclic shift used for an initial
transmission by the apparatus, or
randomly select the cyclic shift, from a set of a
plurality of cyclic shifts excluding thedetermined
oneormorecyclic shifts used for theoneormore

retransmissions of the one or more SCI trans-
missionsby theoneormoreUEs that collidewith
the scheduled SCI transmission by the appara-
tus.

14. The apparatus of claim 10, wherein:

the apparatus and the one or more UEs are
configured for cellular vehicle-to-anything, C-
V2X, communications;
thememory further comprises code to cause the
apparatus to monitor for the one or more SCI
transmissions from the one or more UEs in a
physical sidelink control channel, PSCCH, in a
subframe;

wherein the apparatus and the one or more UEs are
preferably configured for a transmission mode 4 for
the C-V2X communications, and wherein the appa-
ratus and the one or more UEs autonomously pre-
ferably select transmission resources.

15. A computer readable medium storing computer ex-
ecutable code thereon for wireless communication
by a first user equipment, UE, comprising:

code for monitoring one or more sidelink control
information, SCI, transmissions from one or
more second UEs;
code for determining, based on the one or more
SCI, that a collision occurs between one ormore
retransmissions of the one or more SCI trans-
missions by the one or more second UEs and a
scheduled SCI transmission by the first UE;
code for selecting a cyclic shift to use for the
scheduled SCI transmission by the first UE
based at least on the determination; and char-
acterized in that further comprising
code for determining one or more cyclic shifts
used for the one or more retransmissions of the
one or more SCI transmissions by the one or
more second UEs based on one or more cyclic
shifts used for the one or more SCI transmis-
sions by the one or more second UEs.

Patentansprüche

1. Ein Verfahren (1100) für Drahtloskommunikation
durch eine erste Nutzereinrichtung bzw. UE (UE =
user equipment), das Folgendes aufweist:

Überwachen (1105) von einer oder mehreren
Sidelink-Steuerinformations‑bzw.SCI-Sendun-
gen (SCI = sidelink control information) von ei-
ner oder mehreren zweiten UEs;
Bestimmen (1110), basierendauf der einenoder
denmehrerenSCI, dasseineKollision zwischen
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einer oder mehreren erneuten Sendungen der
einen odermehreren SCI-Sendungen durch die
eine oder die mehreren zweiten UEs und eine
eingeteilte SCI-Sendung durch die erste UE
auftritt;
Auswählen (1115) einer zyklischen Verschie-
bung zur Nutzung für die eingeteilte SCI-Sen-
dung durch die erste UE basierend wenigstens
auf der Bestimmung; und dadurch gekenn-
zeichnet, dassdasVerfahrenweiter Folgendes
aufweist:
Bestimmen von einer odermehreren zyklischen
Verschiebungen, die für die eine oder die meh-
reren erneutenSendungen der einen odermeh-
reren SCI-Sendungen durch die eine oder die
mehreren zweiten UEs genutzt werden basie-
rend auf einer oder mehreren zyklischen Ver-
schiebungen, die für die eine oder die mehreren
SCI-Sendungen durch die eine oder die mehre-
ren zweiten UEs genutzt werden.

2. VerfahrennachAnspruch1,wobeiBestimmen, dass
eine Kollision auftritt, Folgendes aufweist:

Bestimmen, basierend auf der SCI-Sendung,
von Zeit‑ und Frequenzressourcen für die eine
oder die mehreren erneuten Sendungen der
einen oder mehreren SCI-Sendungen durch
die eine oder die mehreren zweiten UEs; und
Bestimmender gleichenZeit‑ undFrequenzres-
sourcen für die eingeteilte SCI-Sendung durch
die erste UE.

3. Verfahren nach Anspruch 1, wobei Auswählen der
zyklischen Verschiebung zur Nutzung für die einge-
teilte SCI-Sendung durch die erste UE zufälliges
Auswählen einer zyklischen Verschiebung aufweist,
und zwar aus einem Satz einer Vielzahl von zykli-
schen Verschiebungen ausschließlich der bestimm-
ten einen oder mehreren zyklischen Verschiebun-
gen, die für die eine oder die mehreren erneuten
Sendungen der einen oder mehreren SCI-Sendun-
gen durch die eine oder die mehreren zweiten UEs
genutzt werden, die mit der eingeteilten SCI-Sen-
dung durch die erste UE kollidieren, wenn die ein-
geteilte SCI-Sendung eine initiale Sendung ist.

4. Verfahren nach Anspruch 1, wobei Auswählen der
zyklischen Verschiebung zur Nutzung für die einge-
teilte SCI-Sendung durch die erste UE Auswählen
einer gleichen zyklischen Verschiebung aufweist,
die für eine initiale Sendung durch die erste UE
genutztwird,wenndie eingeteilteSCI-Sendungeine
erneute Sendung ist und eine zyklische Verschie-
bung, die für die initiale Sendung genutzt wird, unter-
schiedlich ist zu der bestimmten einen oder den
bestimmten mehreren zyklischen Verschiebungen
für die eine oder die mehreren erneuten Sendungen

der einen oder mehreren SCI-Sendungen durch die
eine oder mehreren zweiten UEs.

5. Verfahren nach Anspruch 1, wobei, wenn die einge-
teilte SCI-Sendung eine erneute Sendung ist und
eine zyklische Verschiebung, die für eine initiale
Sendunggenutztwird, die gleiche istwiewenigstens
eine vonder bestimmteneinenoder den bestimmten
mehreren zyklischen Verschiebungen für die eine
oder die mehreren erneuten Sendungen der einen
oder mehreren SCI-Sendungen durch die eine oder
die mehreren zweiten UEs, Auswählen der zykli-
schen Verschiebung zur Nutzung für die eingeteilte
SCI-Sendung durch die erste UE Folgendes auf-
weist:

Auswählen einer gleichen zyklischen Verschie-
bung, die für eine initiale Sendung durch die
erste UE genutzt wird, oder
zufälliges Auswählen der zyklischen Verschie-
bung aus einem Satz einer Vielzahl von zykli-
schen Verschiebungen, ausschließlich der be-
stimmten einen oder der bestimmten mehreren
zyklischen Verschiebungen, die für die eine
oder die mehreren erneuten Sendungen der
einen oder mehreren SCI-Sendungen durch
die eine oder diemehreren zweitenUEs genutzt
werden, die mit der eingeteilten SCI-Sendung
durch die erste UE kollidieren.

6. Verfahren nach Anspruch 1, wobei Auswählen der
zyklischen Verschiebung Bestimmen einer Technik
aufweist zum Auswählen der zyklischen Verschie-
bung basierend darauf, ob ein detektiertes Niveau
an Überlastung auf oder über einem Überlastungs-
schwellenwertniveau ist

7. VerfahrennachAnspruch1,wobei eineSendungmit
einer ersten Redundanzversion bzw. RV0 assoziiert
ist, und eine erneute Sendung der ersten SCI-Sen-
dung entspricht, die mit einer zweiten RV bzw. RV2
assoziiert ist.

8. Verfahren nach Anspruch 1, wobei:

die erste UE und die eine oder die mehreren
zweitenUEs für Zellen-Fahrzeug-an-Alles‑bzw.
C-V2X-Kommunikationen (C-V2X = cellular ve-
hicle-to-anything) konfiguriert sind;
die erste UE hinsichtlich der einen oder mehre-
ren SCI-Sendungen von der einen oder den
mehreren zweiten UEs in einem physischen
Sidelink-Steuerkanal bzw. PSCCH (PSCCH =
physical sidelink control channel) in einem Sub-
rahmen überwacht.

9. Verfahren nach Anspruch 8, wobei die erste UE und
die eine oder die mehreren zweiten UEs für einen

5

10

15

20

25

30

35

40

45

50

55



18

33 EP 4 333 351 B1 34

Sendemodus 4 für die C-V2X-Kommunikationen
konfiguriert sind, und wobei die erste UE und die
eine oder die mehreren zweiten UEs autonom Sen-
deressourcen auswählen.

10. Eine Vorrichtung für Drahtloskommunikation, die
Folgendes aufweist:

wenigstens einen Prozessor (1204); und
einen Speicher (1212), der an den wenigstens
einen Prozessor gekoppelt ist, wobei der Spei-
cher Code (1214, 1216, 1218) aufweist, der
durch denwenigstens einenProzessor ausführ-
bar ist, um die Vorrichtung zu veranlassen zum:

Überwachen von einer oder mehreren Si-
delink-Steuerinformations‑ bzw. SCI-Sen-
dungen (SCI = sidelink control information)
von einer oder mehreren Nutzereinrichtun-
gen bzw. UEs (UE = user equipment);
Bestimmen, basierend auf der einen oder
der mehreren SCI, dass eine Kollision zwi-
schen einer oder mehreren erneuten Sen-
dungen der einen oder mehreren SCI-Sen-
dungen durch die eine oder die mehreren
UEs und eine eingeteilte SCI-Sendung
durch die Vorrichtung auftritt;
Auswählen einer zyklischen Verschiebung
zur Nutzung für die eingeteilte SCI-Sen-
dung durch die Vorrichtung basierend auf
wenigstens einer Bestimmung; und
dadurch gekennzeichnet, dass sie weiter
dieVorrichtungveranlasst eineodermehre-
re zyklische Verschiebungen zu bestim-
men, die für die eine oder die mehreren
erneuten Sendungen der einen oder meh-
reren SCI-Sendungen durch die eine oder
die mehreren zweiten UEs genutzt werden,
und zwar basierend auf einer oder mehre-
ren zyklischen Verschiebungen, die für die
eine oder die mehreren SCI-Sendungen
durch die eine oder die mehreren zweiten
UEs genutzt werden.

11. Vorrichtung nach Anspruch 10, wobei der Code Ver-
anlassen der Vorrichtung zum Auswählen der zykli-
schen Verschiebung zur Nutzung für die eingeteilte
SCI-Sendung durch die Vorrichtung Code aufweist,
um die Vorrichtung zu veranlassen zufällig eine zyk-
lische Verschiebung auszuwählen, und zwar aus
einem Satz einer Vielzahl von zyklischen Verschie-
bungen ausschließlich der bestimmten einen oder
mehreren zyklischen Verschiebungen, die für die
eine oder die mehreren erneuten Sendungen der
einenodermehrerenSCI-Sendungendurchdie eine
oder die mehreren UEs genutzt werden, die mit der
ausgewählten SCI-Sendung durch die Vorrichtung
kollidieren, wenn die eingeteilte SCI-Sendung eine

initiale Sendung ist.

12. Vorrichtung nach Anspruch 10, wobei der Code, um
die Vorrichtung zu veranlassen die zyklischen Ver-
schiebung auszuwählen, die für die eingeteilte SCI-
Sendung durch die Vorrichtung genutzt wird, Code
aufweist um die Vorrichtung zu veranlassen eine
gleiche zyklische Verschiebung auszuwählen, die
für eine initiale Sendung durch die Vorrichtung ge-
nutzt wird, wenn die eingeteilte SCI-Sendung eine
erneute Sendung ist und eine zyklischen Verschie-
bung, die für die initiale Sendung genutzt wird, unter-
schiedlich ist zu der der bestimmten einen oder den
bestimmten mehreren zyklischen Verschiebungen
für die eine oder die mehreren erneuten Sendungen
der einen oder mehreren SCI-Sendungen durch die
eine oder die mehreren UEs.

13. Vorrichtung nach Anspruch 10, wobei, wenn die ein-
geteilte SCI-Sendung eine erneute Sendung ist und
eine zyklischen Verschiebung, die für eine initiale
Sendunggenutztwird, die gleiche istwiewenigstens
eine der bestimmten einen oder mehreren zykli-
schen Verschiebungen für die eine oder die mehre-
ren erneuten Sendungen der einen oder mehreren
SCI-Sendungen durch die eine oder die mehreren
UEs, der Code zum Veranlassen der Vorrichtung
zum Auswählen der zyklischen Verschiebung zur
Nutzung für die eingeteilte SCI-Sendung durch die
Vorrichtung Code aufweist, um die Vorrichtung zu
veranlassen zum:

Auswählen einer gleichen zyklischen Verschie-
bung, die für eine initiale Sendung durch die
Vorrichtung genutzt wird, oder
zufälligen Auswählen der zyklischen Verschie-
bung aus einem Satz einer Vielzahl von zykli-
schen Verschiebungen ausschließlich der be-
stimmten einen oder mehreren zyklischen Ver-
schiebungen, die für die eine oder die mehreren
erneuten Sendungen der einen oder mehreren
SCI-Sendungen durch die eine oder die mehre-
renUEs genutzt werden, diemit der eingeteilten
SCI-Sendung durch die Vorrichtung kollidieren.

14. Vorrichtung nach Anspruch 10, vorbei:

die Vorrichtung und die eine oder die mehreren
UEs konfiguriert sind für Zellen-Fahrzeug-An-
Alles‑ bzw. C-V2X-Kommunikationen (C-V2X =
cellular vehicle-to-anything);
der Speicher weiter Code aufweist, um die Vor-
richtung zu veranlassen hinsichtlich der einen
oder mehreren SCI-Sendungen von der einen
oder den mehreren UEs in einem physischen
Sidelink-Steuerkanal bzw. PSCCH (PSCCH =
physical sidelink control channel) in einem Sub-
rahmen zu überwachen;
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wobei die Vorrichtung und die eine oder die
mehreren UEs vorzugsweise für einen Sende-
modus 4 für C-V2X-Kommunikationen konfigu-
riert sind, undwobei dieVorrichtungunddieeine
oder die mehreren UEs autonom vorzugsweise
Senderessourcen auswählen.

15. EincomputerlesbaresMedium,dasvoneinemCom-
puter ausführbaren Code darauf für Drahtloskom-
munikation durch eine erste Nutzereinrichtung bzw.
UE (UE = user equipment) speichert, der Folgendes
aufweist:

Code zum Überwachen von einer oder mehre-
renSidelink-Steuerinformations‑ bzw. SCI-Sen-
dungen (SCI = sidelink control information) für
eine oder mehrere zweite UEs;
Code zum Bestimmen, basierend auf der einen
oder mehreren SCI, dass eine Kollision zwi-
schen einer oder mehreren erneuten Sendun-
gen der einen oder mehreren SCI-Sendungen
durch die eine oder die mehreren zweiten UEs
und eine eingeteilte SCI-Sendung durch die
erste UE auftritt;
Code zum Auswählen einer zyklischen Ver-
schiebung zur Nutzung für die eingeteilte SCI-
Sendung durch die erste UE basierend auf we-
nigstens der Bestimmung; und dadurch ge-
kennzeichnet, dass er weiter Folgendes auf-
weist:
Code zum Bestimmen einer oder mehrerer zy-
klischer Verschiebungen, die für die eine oder
die mehreren erneuten Sendungen der einen
oder mehreren SCI-Sendungen durch die eine
oder die mehreren zweiten UEs genutzt werden
basierend auf einer oder mehreren zyklischen
Verschiebungen, die für die eine oder die meh-
reren SCI-Sendungen durch die eine oder die
mehreren zweiten UEs genutzt werden.

Revendications

1. Procédé (1100) de communication sans fil par un
premier équipement utilisateur, UE, comprenant :

la surveillance (1105) d’une ou plusieurs trans-
missions d’informations de contrôle de liaison
latérale, SCI, provenant d’un ou plusieurs se-
conds UE ;
la détermination (1110), sur la base de la ou des
SCI, qu’une collision se produit entre une ou
plusieurs retransmissions de la ou des trans-
missions SCI par le ou les seconds UE et une
transmission SCI planifiée par le premier UE ;
la sélection (1115) d’un décalage cyclique à
utiliser pour la transmission SCI planifiée par
le premier UE sur la base au moins de la déter-

mination ; et caractérisé en ce que le procédé
comprend en outre
la détermination d’un ou plusieurs décalages
cycliques utilisés pour la ou les retransmissions
de la ou les transmissions SCI par le ou les
seconds UE sur la base d’un ou plusieurs dé-
calages cycliques utilisés pour la ou les trans-
missions SCI par le ou les seconds UE.

2. Procédé selon la revendication 1, dans lequel la
détermination de la survenue d’une collision
comprend :

la détermination, sur la base de la transmission
SCI, de ressources temporelles et de fréquence
pour la ou les retransmissions de la ou des
transmissions SCI par le ou les seconds UE ; et
la détermination desmêmes ressources tempo-
relles et de fréquence pour la transmission SCI
planifiée par le premier UE.

3. Procédé selon la revendication 1, dans lequel la
sélection du décalage cyclique à utiliser pour la
transmission SCI planifiée par le premier UE
comprend la sélection aléatoire d’un décalage cy-
clique, à partir d’un ensemble d’une pluralité de
décalages cycliques excluant le ou les décalages
cycliques déterminés utilisés pour la ou les retrans-
missions de la oudes transmissionsSCI par le ou les
seconds UE qui entrent en collision avec la trans-
mission SCI planifiée par le premier UE, lorsque la
transmission SCI planifiée est une transmission ini-
tiale.

4. Procédé selon la revendication 1, dans lequel la
sélection du décalage cyclique à utiliser pour la
transmission SCI planifiée par le premier UE
comprend la sélection d’unmêmedécalage cyclique
utilisé pour une transmission initiale par le premier
UE lorsque la transmission SCI planifiée est une
retransmission et un décalage cyclique utilisé pour
la transmission initiale est différent du ou des déca-
lages cycliques déterminés pour la ou les retrans-
missions de la oudes transmissionsSCI par le ou les
seconds UE.

5. Procédé selon la revendication 1, dans lequel,
lorsque la transmissionSCIplanifiéeestune retrans-
mission et qu’un décalage cyclique utilisé pour une
transmission initiale est le même qu’au moins l’un
des décalages cycliques déterminés pour la ou les
retransmissions de la ou des transmissions SCI par
le ou les seconds UE, la sélection du décalage
cyclique à utiliser pour la transmission SCI planifiée
par le premier UE comprend :
la sélection d’un même décalage cyclique utilisé
pour une transmission initiale par le premier UE,
ou la sélection aléatoire du décalage cyclique, à
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partir d’un ensemble d’une pluralité de décalages
cycliques excluant le ou les décalages cycliques
déterminés utilisés pour la ou les retransmissions
de la ou des transmissions SCI par le ou les seconds
UE qui entrent en collision avec la transmission SCI
planifiée par le premier UE.

6. Procédé selon la revendication 1, dans lequel la
sélection du décalage cyclique comprend la déter-
mination d’une technique de sélection du décalage
cyclique en fonction du fait qu’un niveau de conges-
tion détecté est égal ou supérieur à un niveau de
seuil de congestion.

7. Procédé selon la revendication 1, dans lequel une
transmissionest associée àunepremière version de
redondance, RV0, et une retransmission correspon-
dant à la première transmission SCI est associée à
une seconde RV, RV2.

8. Procédé selon la revendication 1, dans lequel :

le premier UE et le ou les seconds UE sont
configurés pour des communications cellulaires
de véhicule à tout, C-V2X ;
le premier UE surveille la ou les transmissions
SCI provenant du ou des seconds UE dans un
canal de contrôle de liaison latérale physique,
PSCCH, dans une sous-trame.

9. Procédé selon la revendication 8, dans lequel le
premier UE et le ou les seconds UE sont configurés
pour un mode de transmission 4 pour les communi-
cations C-V2X, et dans lequel le premier UE et le ou
les secondsUE sélectionnent demanière autonome
des ressources de transmission.

10. Appareil de communication sans fil, comprenant :

au moins un processeur (1204) ; et
une mémoire (1212) couplée à l’au moins un
processeur, la mémoire comprenant un code
(1214, 1216, 1218) exécutable par le ou les
processeurs pour amener l’appareil à :

surveiller une ou plusieurs transmissions
d’informations de contrôle de liaison laté-
rale, SCI, provenant d’un ou de plusieurs
équipements utilisateurs, UE;
déterminer, sur la base de la ou des SCI,
qu’une collision se produit entre une ou
plusieurs retransmissions de la ou des
transmissions SCI par le ou les UE et une
transmission SCI planifiée par l’appareil ;
sélectionner un décalage cyclique à utiliser
pour la transmission SCI planifiée par l’ap-
pareil sur la base aumoins de la détermina-
tion ; et

caractérisé par le fait d’amener l’appareil à
déterminer en outre un ou plusieurs déca-
lages cycliques utilisés pour la ou les re-
transmissions de la ou des transmissions
SCI par le ou les seconds UE sur la base
d’un ou plusieurs décalages cycliques uti-
lisés pour la ou les transmissions SCI par le
ou les seconds UE.

11. Appareil selon la revendication 10, dans lequel le
code pour amener l’appareil à sélectionner le déca-
lage cyclique à utiliser pour la transmission SCI
planifiée par l’appareil comprend un code pour ame-
ner l’appareil à sélectionner de manière aléatoire un
décalage cyclique, à partir d’un ensemble d’une
pluralité de décalages cycliques excluant le ou les
décalages cycliques déterminés utilisés pour la ou
les retransmissions de la ou des transmissions SCI
par le ou les UE qui entrent en collision avec la
transmission SCI planifiée par l’appareil, lorsque la
transmission SCI planifiée est une transmission ini-
tiale.

12. Appareil selon la revendication 10, dans lequel le
code pour amener l’appareil à sélectionner le déca-
lage cyclique à utiliser pour la transmission SCI
planifiée par l’appareil comprend du code pour ame-
ner l’appareil à sélectionner un même décalage
cyclique utilisé pour une transmission initiale par
l’appareil lorsque la transmission SCI planifiée est
une retransmission et un décalage cyclique utilisé
pour la transmission initiale est différent du ou des
décalages cycliques déterminés pour la ou les re-
transmissions de la ou des transmissions SCI par le
ou les UE.

13. Appareil selon la revendication 10, dans lequel,
lorsque la transmissionSCIplanifiéeestune retrans-
mission et qu’un décalage cyclique utilisé pour une
transmission initiale est le même qu’au moins l’un
des décalages cycliques déterminés pour la ou les
retransmissions de la ou des transmissions SCI par
le ou les UE, le code pour amener l’appareil à sé-
lectionner le décalage cyclique à utiliser pour la
transmission SCI planifiée par l’appareil comprend
un code pour amener l’appareil à :

sélectionner un même décalage cyclique utilisé
pour une transmission initiale par l’appareil, ou
sélectionner de manière aléatoire le décalage
cyclique, à partir d’un ensemble d’une pluralité
de décalages cycliques excluant le ou les dé-
calages cycliques déterminés utilisés pour la ou
les retransmissions de la ou des transmissions
SCI par le ou lesUEqui entrent en collision avec
la transmission SCI planifiée par l’appareil.

14. Appareil selon la revendication 10, dans lequel :
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l’appareil et le ou les UE sont configurés pour
des communications cellulaires de véhicule à
tout, C-V2X ;
la mémoire comprend en outre un code pour
amener l’appareil à surveiller la ou les transmis-
sionsSCIprovenantduoudesUEdansuncanal
de contrôle de liaison latérale physique,
PSCCH, dans une sous-trame ;
l’appareil et le ou les UE étant de préférence
configurés pour unmodede transmission 4pour
les communications C-V2X, et l’appareil et le ou
les UE sélectionnant de préférence de manière
autonome des ressources de transmission.

15. Support lisible par ordinateur stockant un code exé-
cutable par ordinateur pour une communication
sans fil par un premier équipement utilisateur, UE,
comprenant :

un code pour surveiller une ou plusieurs trans-
missions d’informations de contrôle de liaison
latérale, SCI provenant d’un ou de plusieurs
seconds UE ;
un code pour déterminer, sur la base de la ou
desSCI, qu’une collision se produit entre une ou
plusieurs retransmissions de la ou des trans-
missions SCI par le ou les seconds UE et une
transmission SCI planifiée par le premier UE ;
un code pour sélectionner un décalage cyclique
àutiliser pour la transmissionSCIplanifiéepar le
premier UE sur la base au moins de la détermi-
nation ; et caractérisé en ce qu’il comprend en
outre
un code pour déterminer un ou plusieurs déca-
lages cycliques utilisés pour la ou les retrans-
missions de la ou des transmissions SCI par le
ou les seconds UE sur la base d’un ou plusieurs
décalages cycliques utilisés pour la ou les trans-
missions SCI par le ou les seconds UE.
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